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5-nucleotidase activity in such human tissues as the thyroid gland, testicle or lungs. In the present experiments 5-nucleotidase was always very abundant in these tissues. The failure ofNewman et al. may be explained by inactivation during histological fixation, and, which seems more important, by the fact that their work was carried out at pH 9-2, whereas 5-nucleotidase is optimally active near pH 7-8.
The physiological role of 5-nucleotidase is not known at present, but the existence of such an enzyme, specific for a substance so important and widely distributed as adenylic acid, seems to indicate a mechanism able to regulate the concentration of both phosphate and adenylic acid, which are so important for glycogenesis.
Since Robison's (1932) work it has been generally considered probable that the alkaline phosphatase plays a part in calcification of bones. As the 5-nucleotidase acts optimally near the physiological pH, where the alkaline phosphatase has a very low activity, it seems possible also that 5-nucleotidase may play a role in calcifications. It is ofinterest that certain tissues, e.g. aorta wall or thyroid gland, which are apt to undergo pathological calcifications, contain this enzyme, but not the alkaline phosphatase. SUMMARY 1. At the physiological pH in all human tissues examined, with the exception of intestinal mucosa, the activity of the specific phosphatase, 5-nucleotidase, is much more pronounced than the activity of the non-specific alkaline phosphatase. This includes the tissues notably rich in alkaline phosphatase, e.g. ossifying cartilage, choroid plexus and kidney cortex.
2. The optimal pHfor 5-nucleotidasefromhuman tissues is pH 7*8.
3. The highest 5-nucleotidase activity in human tissueswasfoundintheposteriorlobeofthepituitary.
4. In adults the highest alkaline phosphatase activity (pH 9) was found in choroid plexus. The alkaline phosphatase activity of kidney cortex and intestinal mucosa was compaxatively much lower.
5. The wide distribution of 5-nucleotidase seems to indicate a mechanism regulating phosphate and adenylic acid concentrations, which may perhaps play a part in the calcification of tissues. Gunsalus & Hand (1941) , working with suspensions of E8cherichia coli, reported that the bacteria were capable ofreducing dehydroascorbic acid to ascorbic acid in milk, wine and fruit juices, but seemed incapable of effecting the reduction with vegetable extracts. In these latter juices the E8ch. cli acted as an oxidation catalyst and oxidized the ascorbic acid present.
acid. They noted that, with the vegetable extracts in which the former workers had been unable to effect the reduction, complete reduction ofdehydroascorbic acid to ascorbic acid occurred, provided that the ascorbic acid was extracted and titrated against indophenol dye at a pH not below 4-5. Ifthe extract, prior to titration, was acidified to a pH of 3-5 or below, a rapid oxidation of ascorbic acid occurred.
When, however, sodium cyanide was present in a concentration of 0001M the phenomenon did not occur and the dehydroascorbic acid was rapidly reduced to ascorbic acid which, under these conditions, could be titrated at pH values below 3-5 without oxidation. and a 50 ml. portion neutralized to pH 6-2-6-3 with K2HPO4 40% (w/v). It was at once freed of 02 by passing a rapid stream of N2 through it for 5 min., the bacterial suspension was added, the reaction flask placed in the bath at 350 and the reaction followed by withdrawing samples at suitable intervals. The reaction was arrested in the usual way by the addition of HPO8.
EXPERIMENTAL

Reduction of dehydroascorbic acid
We have confirmed the results of Stewart & Sharp (1945) thatEsch. colirapidlyreducesdehydroascorbic acid under anaerobic conditions at pH 6-2 and at a temperature of 35°. Unlike them, however, we have not been able to obtain a quantitative recovery of added dehydroascorbic acid as ascorbic acid. We have found that the percentage of dehydroascorbic acid recovered depends on at least two factors: (1) the concentration ofdehydroascorbic acid added, and (2) the enzymic activity of the bacterial suspension. This is illustrated in Figs. la and lb. For Fig. la the concentration of dehydroascorbic acid was varied and the quantity of bacterial suspension kept constant, while for Fig. 1 b the concentration of dehydroascorbic acid was constant and the enzymic activities were varied by altering the quantity of bacterial suspension added. The key to these results lies in the different periods oftime taken for the reaction to be completed. Whether the time is prolonged by increasing the concentration of dehydroascorbic acid or by reducing that of the bacterial suspension, the percentage of dehydroascorbic acid recovered as ascorbic acid falls progressively. This is clearly illustrated in Fig. 2 .
195I REDUCTION OF DEHYDROASCORBIC ACID BY ESCH. COLI
The explanation appears to be that dehydroascorbic acid is unstable and is converted to 2:3-diketogulonic acid by the opening of the lactone reduce this correction to the minimum, highly active bacterial suspensions should be employed so as to give reaction times of short duration. bacterial suspension in 50 ml. reaction mixture; A-A, 1 ml. bacterial suspension in 50 ml. reaction mixture; 0-0, 0 5 ml. bacterial suspension in 50 ml. reaction mixture; DHA 0*08 mg./ml. reaction mixture.
ring at a rate governed by pH and temperature. The reaction leads to irreversible destruction of dehydroascorbic acid. This explains that our failure to obtain a quantitative recovery of dehydroascorbic acid, as ascorbic acid, is because the rate of destruction of dehydroascorbic acid, as determined chemically, corresponds with the decrease in the percentage of dehydroascorbic acid recovered with bacteria in aseriesoftestsinwhichthetimetakenforcompleting the reaction was varied (Fig. 2 ). In these experiments the disappearance ofdehydroascorbic acid was followed chemically by determining the ascorbic acid regenerated after treatment with hydrogen sulphide, after suitable intervals of time, under the same conditions of pH and temperature as those used for the study of the reduction with the bacteria. Fig. 3a . We found D-iodehydroascorbic acid to be reduced at a slower rate than dehydroascorbic acid, though somewhat faster than the rate given by Stewart & Sharp. The oxidized forms of both hydroxytetronic and reductic acid were reduced much more slowly than dehydroascorbic acid. However, if these substances were present with ascorbic acid some interference would result. Thus, in the minimnum time for complete reduction of dehydroascorbic acid the percentage reduction ofan equivalent concentration of the oxidized forms of reductic and hydroxytetronic acids would be 28 and 9 respectively. The estimation of dehydroascorbic acid by means of E8ch. coli must, therefore, be used with discretion if substances of this type are known to be present. When pure reductone (enol of tartronaldehyde) was incubated over a period of 60 mnm. with E8ch.
coli no reduction of the oxidized form occurred.
(Fsing a solution of glucoreductone prepared by treatment of glucose with alkal (Harris & Mapson, 1947) (this contains reductone and unidentified reducing substances closely akin to the indophenol reductants (cf. Mapson, 1943) produced in dried foods during processing or storage), some regeneration of the reducing power was effected by Each. coli (Fig. 3b) A series of experiments was carried out in which each of the constituents of the tap water was added to the glass-distilled water buffer mixture separately. These included calcium and magnesium salts, iron The bacterial reduction method is thus, under these conditions, not as specific for dehydroascorbic acid as was claimed by Stewart & Sharp. It is, however, true that if any of these substances were present in the form of the dehydro derivatives, they would interfere less than in the corresponding chemical method of reduction by hydrogen sulphide.'
Interference due to nitrite When pure ascorbic acid is added to a phosphate buffer solution of pH 6-2, made with glass-distilled water and incubated with or without the bacterial suspension at a temperature of 350 under anaerobic conditions, there is no apparent oxidation of the ascorbic acid when samples are mixed with metaphosphoric acid prior to titration. When the buffer solutions were made with ordinary tap water and the above procedure followed, there was at first an apparent rapid oxidation of ascorbic acid, followed by a rapid regeneration of all of the ascorbic acid, and this despite the fact that dehydroascorbic acid seemed to have been produced in relatively large amounts as indicated by decrease in dye-reducing power (Fig. 4a) .
This oxidation of ascorbic acid was however only apparent and was caused by the interaction of some constituent in the reaction mixture with ascorbic acid in acid solution, because when the titrations were carried out in neutral solution there was no evidence of any such oxidation (Fig. 4b) . and copper salts, and carbonates and sulphates. None of these had any effect, but when nitrate in a concentration of 0-001 m was added, the resultant effect was similar to that observed with tap water (Fig. 5) . x -x, 0-0005M-NaNO3. That nitrate itself was not the oxidizing agent was shown by the fact that, in acid solution, nitrate does not oxidize ascorbic acid; but the well known fact that E8ch. coli possesses nitratase (Stickland, 1936), VoI. 48 555 an enzyme causing the reduction of NO-to NOR, led us to examine whether the production of this substance by Esch. coli could be the cause. It can easily be shown that while nitrite will not oxidize ascorbic acid, nitrous acid oxidizes ascorbic acid very rapidly.
We therefore followed the apparent oxidation of ascorbic acid by Esch. coli in the presence of added nitrate and examined, in a parallel experiment, the production of nitrite. The results are illustrated graphically in Fig. 6 . They show clearly that the apparent loss of ascorbic acid can be attributed quantitatively to the rapid production of nitrite from the nitrate under the anaerobic conditions, and that the loss of ascorbic acid occurs by oxidation when the solution containing nitrite is acidified. After the disappearance of the nitrite by the continued activity of the bacteria, there is no further loss of ascorbic acid on acidification of the solution.
Moreover, as Fig. 6 shows, there is no oxidation of ascorbic acid if the titrations are carried out in neutral solution.
Similarresults to these were obtainedwith extracts made from fresh potato tissue. Fresh tissue was extracted with 2 % metaphosphoric acid in glassdistilled water in a modified Waring blender, a description of which is given by Barker & Mapson (1950) . The extract was filtered to remove starch and protein and adjusted to pH 6-2 with sodium hydroxide. When this extract was treated with Esch. coli suspension under anaerobic conditions, and samples removed into metaphosphoric acid prior to titration, there was first a rapid fall in the ascorbic acid followed by a regeneration of ascorbic acid within a period of 1 hr. The fall in ascorbic acid was, as in the previous experiments, correlated with the production of nitrite from the nitrate present in the extract, and the rise again in the indophenol titre was due to the disappearance ofnitrite. No oxidation of ascorbic acid occurred if the extract was titrated against indophenol dye in neutral solution.
Experiments with dehydroa8corbic acid
If similar experiments to those described in the previous section are carried out with dehydroascorbic acid instead of ascorbic acid, the production of nitrite delays the reduction of the dehydroascorbic acid until all the nitrite has disappeared. The results, illustrated in Fig. 7 , show that the delayis not real but is an artifact, caused by the oxidation ofthe ascorbic acid by the nitrous acid formed when the solution is acidified. Only when nitrate is present and when the ascorbic acid formed is estimated by titration in acid solution is there any apparent delay in the reduction of the dehydroascorbic acid. In the absence of nitrate, the same result is obtained whether the titrations are carried out ino acid or in neutral solution.
Elimination of interference due to nitrite (a) Titration in neutral 8olution. The (c) The use of 8ub8tances inhibiting the nitrata8e enzyme of Esch. coli. Confirmation that our interpretation of the observations made in the preceding section of this paper was correct was obtained in the following experiments. Stickland showed that the enzyme, nitratase, is sensitive to cyanide, since the reduction of nitrate to nitrite by E8ch. coli is suppressed in the presence of0 001 M-potassium cyanide. In an experiment, the results of which are shown in x -x, DHA added originally. All estimations carried out in acid solution, pH 2-0.
there was no induced oxidation of ascorbic acid on acidification of the solution and the reduction of dehydroascorbic acid proceeded rapidly. In parallel experiments, in which cyanide and nitrate but no ascorbic acid were added, direct tests showed that the production ofnitrite was completely suppressed. One feature of these experiments is worthy of note; that, despite a rapid reduction of dehydroascorbic acid, the final percentage recovered was lower than in those experiments in which cyanide was absent, Fig. 9 3. Interference in the estimation of ascorbic acid by nitrous acid may be overcome by the use ofamidosulphonic acid, which reacts rapidly with nitrous acid and so protects ascorbic acid from oxidation.
4. The nitratase enzyme of E8cherichia coli may be completely inhibited by potassium cyanide or sodium azide, without affecting the enzyme systems associated with the reduction of dehydroascorbic acid.
5. The presenoe of potassium cyanide in a concentration of 0001 M accelerates the conversion of dehydroascorbic acid to diketogulonic acid, but sodium azide in a similar concentration has no effect. Sodium azide may, therefore, be used to prevent the formation of nitrite by Escherichia coli without any disadvantageous effect on the reduction of dehydroascorbic acid to ascorbic acid.
6. The rate of reduction of the oxidized forms of other enediols has been studied. These include D-i8oascorbic acid, hydroxytetronic acid, reductic acid, reductone (enol of tartronaldehyde) and the reductants present in a glucoreductone solution. All these substances with the exception of reductone were reduced, but at a slower rate than dehydroascorbic acid.
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